This article gives suboptimal, easily computable substitutes for the discrete prolatespheroidal windows used by Thomson for spectral estimation. Trigonometric coefficients and energy leakages of the window polynomials are tabulated.
I. Motivation
In a paper [ inspection of the residuals or by noticing steps or oscillations in the plots of two-sample variance, could be detected unambigously by statistical procedures based on spectral estimators or periodograms.
In [1] quoted above, Percival recommends a new method of spectral estimation, due to Thomson [3] , that is especially suited to situations in which the range of spectral densities to be estimated is large. The method uses multiple orthogonal data windows (also called weights or tapers), the approximate computation of which is the main subject here.
II. The Thomson Spectral Estimation Method
In the Thomson method for estimating the power spectrum of a stationary time series 
The window sequences v0 ,..., vN_ 1 are the discrete prolatespheroidal sequences (DPSS) of Slepian [4] . They are orthonormal and are leakage-optimal over the space of sequences index-limited to 0,..., N -1, in the sense that (1) v0 has the smallest leakage of all nonzero elements (2) for k > 0, vk has the smallest leakage of all nonzero elements orthogonal to v0 ,..., Vk_1
For a given bandwidth W, the leakage L (g, W) of a function g of discrete or continuous time is defined here as the fraction of its total energy contained in frequencies outside I-W, W].
The leakage L (vk , W) increases with k and decreases with W. 
III. Continuous-Time Windows
In this article, w is used to denote bandwidth in terms of the fundamental frequency unit, which is 1/N for windows on 0 ..... N- 
V. Comparison with Optimal Windows
How much leakage performance is lost by the use of these 
is between 0dB and 1.2dB less than L(qSk) for the instances of w and k given in Table 1 and for N = 8w. For N = 16w, replace 1.2 dB by 0.6 dB. Thus, the sampled trig prolates have slightly less leakage than the trig prolates. Table 2 gives the ratio of sampled trig prolate leakage to DPSS leakage, which was computed by solving the eigensystem given by
Eq. (2.9) of [3] . For N = 8w, the leakages of the trig prolates are 1.2 dB to 5.4 dB greater than those of the optimal DPSS; for N = 16w, the range is 1.2 dB to 2.6 dB. 
Vl. Conclusions
This article has described several orthonormal systems of data windows, called the sampled trig prolates, that can be used in the Thomson method of spectral estimation. For w = NW = 2 to 5, and 4W not greater than the Nyquist frequency (i.e., N _> 16w), the user of these windows pays a leakage penalty of at most 2.6 dB for not using the optimal DPSS windows.
In return, one merely needs to evaluate certain trigonometric polynomials of degree w, with coefficients given in Table 1 , at N points according to Eq. (5). By contrast, the evaluation of the DPSS windows requires the solution of an N × N symmetric Toeplitz matrix eigensystem. If N is large, one can proceed by solving a symmetric J X J A very slight imbalance in illumination intensity results from the inherent asymmetric feed geometry. This amounts to about 2-dB amplitude ramping, occurring near the main reflector edges, on a diameter including the asymmetric plane.
However, the design is phase perfect; loss due to the slight intensity ramp is less than 0.5 percent at X-band. At wavelengths shorter than X-band (e.g., 15-, 22-and future 32-GHz) the 70-m DSN antennas will slowly tend, as a function of frequency increase, toward lower rear spillover noise, a consequence of the physics of subreflector edge diffraction, Conversely, at longer wavelengths (e.g., S-band) these antennas will unavoidably have slowly increasing rear spillover and attendant receiving noise.
Another consequence of increased longwave rear spillover arises when transmitting-a concern for transmit radiation power density safety. This issue was studied and it was concluded that in the environment of additional radiation sources beyond direct rear spillover, especially scatter due to the quadripod structure, the 70-m design, despite slightly increased S-band direct rear spillover, would not be a problem. The increased S-band direct spillover when transmitting remained numerically submerged below the scatter term, and radiation safety was not compromised.
However, in the event that an ultra-low-noise S-band receiving system or an ultra-high-power S-band transmitting system is required on the 70-m antennas, a fresh look at the adequacy of the X-band optimized optics operated at S-band will be necessary. In the event that additional main reflector annular rim shielding for S-band is required, such an addition would be straightforward. Alternatively, a slightly larger S-band feedhorn or beamwidth-changing ellipsoidal reflector might suffice.
to 76.1 percent is predicted. The design-expected 64-70-m Upgrade Project S-band gain performance increase is therefore 1.77 dB, which is comfortably above the Project goal of +1.4 dB.
II. 64/70-m S-Band Design-Expected Performances
Although the 70-m microwave optics are X-band G/T optimized, considerable effort was expended to predict S-band performance to meet the ongoing tracking requirements of a number of S-band deep-space spacecraft at remarkable and increasing distances. Tables 1 and 2 show the S-band design efficiency predictions for the 64-m and 70-m antennas, respectively. These predictions are the result of a consistent computational method. In Table 1 , the four-reflector S-band 64-m system is rigorously analyzed [1] . The analysis considers the S-band feedhorn radiation pattern as scattered from the S/X reflex-dichroic ellipsoidal and dichroic reflectors, and the conventional subreflector and main reflector. This analysis provides an efficiency subtotal as well as a pointing loss (squint). Pointing squint is an endemic effect in asymmetrically fed circular polarized antennas, and arises due to subtle cross-polarization field summations. The result is that the DSN antennas do not produce perfectly coaxial simultaneous S/X beams. Rather, in the usual operating configuration, the X-band beam peak is aimed as perfectly as possible and the simultaneous S-band beam peak is unavoidably displaced a few millidegrees. Tables 1 and 2 account for this operating   configuration by including a small S-band squint loss term. In Table 1 In Table 2 , the 70-m S-band performance increase due to dual-reflector shaping for uniform illumination is apparent in the illumination amplitude term -nearly 96 percent and fully 0.66 dB above the 64-m in 
III. 64/70-m X-Band Design-Expected Performances
A previous modification to the 64-m X-band system, employed for the Voyager Jupiter and subsequent encounters, was the dual-hybrid mode feedhorn [3] . At X-band, this modification provided 0.36 dB overall gain improvement over a conventional feed. Thus the 64-m X-band systems were already partially shaped by the use of the special, but somewhat narrowband dual hybrid mode feedhorn. In Table 3 this is reflected in the quite respectable 90-percent illumination amplitude term. Also in Table 3 , the 64-m quadripod blockage term is treated the same as at S-band. Finally, Table 3 accepts the 64-m initial construction surface tolerances (main reflector panel manufacturing, setting, and hyperboloid manufacturing), even though 20 years have elapsed since the antennas were constructed, and with near certainty, the initial value (1.14-mm normal rms) used in Table 3 is too low. The overall 64-m X-band design-expected efficiency with initially specified surface tolerance remains high at 56.5 percent (72.55-dBi absolute gain) at 8420 MHz. Table 2 due to lack of quantitative information.
Lastly, in Table 4 , an as-built adjustment for the stovepipe feed is made [4] . The stovepipe feed is a compromise design to avoid repackaging the 64/70-m X-band feedcones. Dual reflector shaping for uniform aperture illumination is not compatible with the previous 64-m dual-hybrid mode feedhorn. Rather, the JPL standard X-band feedhorn pattern (22.37 dBi) was selected to synthesize the shaped reflector contours and to provide detailed performance estimates.
The stovepipe compromise allowed minimal mechanical changes within the three X-band operational feedcones, but unfortunately results in a slightly greater forward spillover. The overall 70-m design-expected X-band efficiency is therefore 70.8 percent (74.32-dBi absolute gain) at 8420 MHz.
Conceivably, the 70-m feedcones may eventually be upgraded, resulting in an increase in the (design potential) efficiency to 72.6 percent. A hypothetically perfect surface X-band 70-m antenna with the design feedhorn would provide 76.5-percent efficiency, which is considered excellent for a very-low-noise centerline-symmetric main reflector antenna optics design with offset and dichroic feeding.
The design-expected 64-70-m Upgrade Project X-band gain performance increase is therefore 1.77 dB, based on the originally specified 64-m surface tolerance. The Project goal of 1.9 dB was based on earlier predesign estimates, which used a somewhat larger value for the 64-m surface tolerance.
IV. Accuracy of Design Expectations
The procedure adopted herein is to identify what are believed to be the top four uncertainties in the predictions described above, and by calculations or judgment attempt to estimate high confidence limits (peaks). The peaks are first simply added, which is of course unduly conservative.
It is argued here that one-third of such peaks may be considered the likely or approximate probable error.
The estimating processes (P.O. or physical optics and GTD or geometrical theory of diffraction) that cover the computed subtotals seen in Tables 1 through 4 are considered accurate to about one percent (+0.04 dB) for P.O., and in this instance +-0.10 dB for GTD, at X-band. An analytic surface description of the shaped subreflector profile is used in GTD and is known to be a poor fit (at the 1-percent efficiency level) at X-band. 
V. Conclusion
On the basis of a very careful and complete analysis of the numerous parameters involved in the makeup of the 64-and 70-meter antenna efficiencies, updated design estimates of gain and aperture efficiency have been developed at both Sand X-band. The final predicted S-and X-band gain improvements were both 1.77 dB (coincidentally), whereas the very early pre-Project goals (based on poor knowledge of "component" efficiencies) were 1.4 dB and 1.9 dB, respectively. These design-gain improvements result from both larger antenna size (0.78 dB) and an increase of efficiency (0.99 dB), from 60 to 76 percent (S-band) and from 57 to 71 percent (X-band). Table 3 -0.76 -0,25 70-m/X-band +0.14 +0,05 Table 4 -0.41 -0.14 Table 3 -0.56 -0.19 64-m/X-band (DSS-43/63) +0.08 +0.03 Table 3 -0.76 -0.25 70-m/X-band +0.14 +0.05 Table 4 -0.41 -0.14 
